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ABSTRACT 


This  is  a  detailed  discuss ion  of  the  design,  development,  and 
construction,  £md  an  evaluation  of  an  experimental  model  of  the  Area 
Precipitation  Measuring  Indicator  (APMX) .  This  system  was  designed  to 
accept  video  signals  reflected  from  weather  clouds  through  the  use  of 
Radar  Sets  AH/MPS-3^  or  AN/CFS-9;  to  quantize  these  signals  into  three 
measurements;  intensity,  range  extent,  and  azimuthal  extent;  and  to 
print  these  measurement  data  in  alphanumerical  form  on  a  direct-view 
storage  tube.  The  APMI  equipment  operates  in  one  of  two  basic  modes: 
PEE  and  OFF  CENTER.  In  the  OFF  CENTER  mode,  expansion  of  a  target  is 
permitted  and  a  blown-up  area  is  printed  on  the  display. 

A  general  description  of  the  overall  operation  and  capability  is 
presented,  followed  by  a  detailed  description  of  the  theory  of  opera¬ 
tion  of  the  system. 

Finally,  results  of  the  electrical  test  performed,  future  system 
consideration,  and  conclusions  are  presented. 
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AREA  PRECIPITATION  hSASURXNG  INDICATOR 


IBTROKJCTIOH 

,  When  the  output  of  a  "weather  radar  set  such  as  the  AN/CPS-9  or 

.  M/MPS-34  is  observed  on  the  Plan  Position  Indicator  (PPI)  and  the  Range 

Height  Indicator  (RHl),  the  observer  obtains  a  comprehensive  picture  of  the 
local  weather  pattern  and  therefore  the  precipitation  area  within  several 
hundred  miles.  The  observer  equipped  such  information  as  geographical 
location,  size,  and  rate  of  movement  of  the  storm  areas  is  provided  with  a 
useful  tool  for  early  forecasting  of  local  weather. 

Although  this  information  is  reliable  for  a  coarse  estimate  of  the 
local  weather  condition,  additional  data  such  as  the  severity  of  the  storm, 
the  location  of  the  more  active  cells  within  the  cloud  area,  and  the  dimen¬ 
sion  of  the  cloud  would  be  invaluable  for  detail  weather  forecasting. 

It  is  known  that  rain  droplets,  ice  particles,  snowflakes,  and  regions 
having  large  gradients  of  index  refractions  will  return  detectable  echoes 
i  to  the  radar  receiver.  It  is  appreciated,  however,  that  the  size  and 
I  density  and  population  of  particles  due  to  precipitation  determine  the  echo 

|  power.  It  is  believed  that  this  echo  power,  if  accurately  determined,  will 

§  add  to  the  knowledge  of  cloud  structure  and  possibly  become  an  aid  for 
I  more  comprehensive  weather  forecasting. 

I  This  report  describes  the  Area  Precipitation  Measuring  Indicator  (AFMX), 

I  a  digital  equipment  which,  whan  used  with  either  Radar  Set  AN/CPS-9  or 
I  AN/MES-34,  will  provide  a  quantitative  measurement  of  cloud  intensity  and 
I  dimension.  These  values  are  printed  (in  stored  real  time)  in  numerical  fora 
|  on  a  cathode-ray  direct-view  storage  tube  display.  This  equipment  can  be 
j  vised  for  atmospheric  investigation  in  several  areas  of  interest  such  as 
I  rainfall  rate-radar  intensity  and  correlation  studies;  severe  storm  analysis 
j  including  hurricanes  and  tornadoes,  and  nuclear-blast  studies. 

|  The  Area  Precipitation  Measuring  Indicator  (AFMl)  program  was  initiated 

<  with  award  of  contract  on  1  Jul  62  to  Motorola,  Inc.,  under  Contract  DA  36- 
039  SC -90825,  in  accordance  with  Technical  Requirements  No.  SCL-5857 
j  (amended  13  Oct  62). 

i 

;  DISCUSSION 

j 

The  Area  Precipitation  Measuring  indicator  (AFMX),  Fig.  1,  is  basically 
|  a  digital  computer  and  a  storage  display  unit  whose  operation  is  dependent 
|  on  meteorological  data  in  the  form  of  radar  signals  from  either  Radar  Set 

I  an/CFS-9  or  AN/MFS-346  This  equipment  measures  the  echo  intensity  from 

clouds  or  precipitation  in  addition  to  the  dimensional  esrtent  of  the  reflect- 
;  ing  ms s,  quantizes  these  aijgiale,  and  displays  tie  data  in  alpha-numerical 
form  on  a  10-inch  direct-view  storage  tube.  Figure  2  is  a  block  diagram  of 
!  the  complete  system. 
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Fig.  1.  Area  Precipitation  Measuring  Indicator 


Precipitation  Measuring  Indicator 
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Tbe  A PHI  operates  1b  two  baisie  modes-  Tw  one  mode  i  he  display  Is 
arranged  in  a  manner  similar  to  cbsm  of  a  conventional  PIT  display  except 
that  the  data  to  be  dieplsyeci  are  in  sulpha-na2srieal  iorw.  Th&se  characters  v 
representing  cloud  intensity  and  dimer sicnal  Bstasurcnseiits ,  are  arranged  in 
such  a  manner  that  they  occupy  a  location  in  the  display  as  the  cloud  or 
assy  reflecting  areas  are  distributed  around  a  radar  site*  The  PPI  type  of 
display  prerides  a  aondistorted  vi«w  of  the  actual  reflecting  area  eb&pa. 

The  second  display  method  is  the  OFF  CEFTER  mode.  This  display  mods  Is 
tsrei&d  a  "B"  scan  type  of  presentation.  The  "B"  scan  presentation  permits 
the  operator  to  select  the  area  of  interest  in  the  radar  field  of  view  and 
displays  only  that  region  ©elected,  thereby  vastly  increasing  the  display 
resolution.  Of  course  this  type  of  display,  a  wedge-shaped  section  of  radar 
space,  is  mapped  into  a  rectangular  display  matrix.  As  a  result,  a  certain 
amount  of  distortion  is  introduced  such  that  although  reflectors  are  dis- 
played  in  their  relative  position  with  respect  to  other  clouds  in  the  dis¬ 
plays!  area,  the  else  of  clouds  displayed  becomes  a  function  of  radar  range. 
The  distortion  introduced  is  not  considered  a  problem  because  in  this  mode 
the  operator  wishes  to  study  the  detail  structure  of  the  cloud  and  not  its 
shape  or  size. 

The  £Fr€5,  was  designed  to  handle  a  vast  aaount  ©f  weather  data  in  a  short 
period  of  time.  The  computing  process  is  continuous  and  often  repetitive, 
thereby  resulting  in  thousands  of  arithmetic  operations  in  computing  cloud 
data  derived  from  the  radar  set.  The  result  is  that  the  information  displayed 
relieves  the  operator  of  interpreting  the  many  different  classes  of  received 
data.  Because  there  are  radar  operators  with  varying  degrees  of  operating 
skill,  this  interpretation  of  data  from  radar  PPI  is  often  in  disagreement. 

Ths  AFME  system,  by  virtue  of  displaying  amssrical  values  corresponding 
to  echo  power,  eliminates  the  degree  of  judgments  normally  reserved  to  the 
operators .  I&arefore,  the  displayed  data  are  squally  weighted  regardless  of ' 
the  operator's  skill.  Also,  because  of  the  high-speed  operation  of  the  AFMX 
and  Its  area-ashling  techniques,  Bs&lX-gain  data  and  real-time  information 
are  obtainable . 


la  ccsaputiag  cloud  extent,  the  ABCE  must  first  determine  whether  the 
incoming  radar  signals  are  returns  from  weather  clouds,  noise,  or  other  types 
of  targets.  The  requirement  is  for  a  detection  circuit  that  continuously 
examines  ail  radar  signals  and  determines  only  those  signals  returning  from 
weather  clouds.  Obviously  sucu  a  circuit  must  be  simple,  economical,  and 
possess  a  high  probability  of  we&tlier  cloud  detection  under  all  environmental 
conditions.  This  system  employs  an  automatic  target-detection  circuit  that 
has  a  signal-to-noise  ratio  c-f  approximately  6  to  12  db.  Although  this 
detector  does  not  eliminate  all  false  alarm  sigaals,  it  does  distinguish 
between  aircraft,  noise,  or  any  point  source  'target  simply  on  the  basis  of 
their  extent  in  the  radial  and  azimuthal  dimensions. 
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The  received  eige&X  power  is  jas&imred  with  little  difficulty  md  cor¬ 
related  with  cloud  detection  decision,  giving  a  measure  of  the  cloud  inten¬ 
sity.  Ths  radial  dimension  or  extent  of  the;  cloud  in  range,  assured  (hiring 
a  single  pretriggered  sweep  period,  ie  performed  by  noting  the  time  or  range 
in  which  ths  cloud  is  initially  detected,  and  counting  range  increments  as 
long  as  the  cloud  is  continuously  detected. 


The  measurement  of  the  cloud  azimuthal  (arc  length)  at  any  one  or  a 
number  of  ranges  over  which  the  cloud  is  continuous  is  performed  by  a  dis¬ 
continuous  memory  function  which  keeps  track  of  the  cloud  azimuth  incressante. 
This  memory  function  is  supplied  by  a  number  of  counter  channels,  each 
associated  with  a  particular  range. 

The  data  are  presented  numerically  in  plan-position  fora,  temporarily 
stored  or  regenerated  for  visual  observation.  The  temporary  storage  allows 
time  for  cloud  assessment  or  photographing  for  later  detail  analysis.  The 
PPI  form  in  which  numerical  data  are  displayed  provides  the  necessary  situ¬ 
ation  for  correlation  with  radar  video  PPI  display.  The  storage  tub©  used 
in  the  display  has  an  overall  diameter  of  10  inches;  however,  the  umble 
diameter  is  approximately  8  inches.  The  numerical  character  height  i s  l/l6 
inch,  with  centcr-to-center  spacing  of  3/32  inch  (approximately  1  inch). 

The  scale  factor  of  the  display  is  a  function  of  the  dimension  assigned  to 
thft  characters.  The  cloud  intensity  measurement  figures  are  Indicated  by 
tha  printed  l*s  (corresponding  to  a  single  digit,  0  to  9<  intensity  measure¬ 
ment).  The  radial  dimension  values  are  represented  by  3“ digit  HHHE,  with  R 
identifying  the  dimension.  The  ANN  characters  correspond  to  2-digit  azi¬ 
muthal  dimension  values. 

The  radial  values  are  always  printed  at  the  top  or  outer  fringe  of  the 
cloud  area,  and  the  azimuthal  values  are  always  printed  to  tee  right  at  th© 
cuter  fringe  of  the  cloud  area. 

An  X-Y  storage  and  deflection  system  is  employed  to  accomplish  the 
required  average- time  display.  The  input  data  are  resolved  prior  to  storage 
on  a  real-time  basis  and  then  displayed  later  as  timing  permits.  The  X»Y 
format  facilitates  the  presentation  of  erect  characters  on  the  display  and 
obviates  the  need  for  any  increased  researching  function* 

EggeaiFTION 

The  Area  Precipitation  Measurement  Indicator  (APMX)  accepts  raw  radar 
data  from  either  Radar  Set  AB/MPS-34  or  Radar  Set  AB/CPS-9.  It  then  deter¬ 
mines  both  the  amplitudes  of  these  signals  (from  a  preset  reference  signal) 
and  the  radial  and  azimuthal  extent  of  the  cloud*  These  data  are  converted 
into  a  binary  code  for  easy  handling  by  the  machine,  and  then  displayed  in 
numerical  form  on  a  10-inch  storage  CRT. 

The  display  format  gives  the  unit  square  intensities  within  tfes  cloud 
area.  These  intensities  values  are  averages  extending  over  1.6  siles  to 
28.8  miles,  depending  on  the  desired  range  setting  of  the  radar  set  (25  t© 
450  miles).  (See  Table  1,  Display  Element  Size,  with  radar  sosgjs 

scale  setting.) 

The  range  and  azimuth  extent  measurement  values  are  printed  (la  Miss) 
on  the  fringe  of  the  cloud  image-.  The  range  measurements  are  printed  ©a  tea 
display  as  3-digit  words— an  R  followed  by  2  decimal  digits— and  are 
meats  of  the  range  extent  from  0  to  99  miles  in  1-mile  increa^atg. 

The  azimuth- extent  measurements  are  printed  as  3-character  words— t-ha 
letter  A  followed  by  a  2-digit  number— and  are  measurements  of  the  asimtlmX 
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Table  I*  Display  Element  Size 


RANGE  SCALE 

KRF 

(miles) 

1SS 

931 

25 

0.8  mi  X  2.9° 

0.8  mi  x  1.1° 

75 

1.6  mi  x  1.6° 

1.6  mi  x  0.5 8° 

200 

3.2  mi  x  1.6° 

450 

4.8  mi  x  1.6° 

extent  of  a  cloud  over  two  radii  or  an  arc  length  of  99  miles  in  1-nile 

increment  a  •  A  cloud  Of  extent  greater  than  twO  radii;  Or  du  arc  length 

greater  than  99  miles  >  will  cause  the  format  ion  of  a  wrong  product  and 
therefore  result  in  erroneous  reading. 


The  three  units  comprising  the  automatic  cloud  measurement  indicator 
as  shown  in  Fig.  3  are: 

Cloud  intensity  measurement  unit 

Cloud  dimension  measurement  unit 

Display  unit,  incorporating  a  storage  type  of  cathode-ray  tube  for 
presentation  of  the  numerical  cloud  measurement  data  in  plan-position  (FPl) 
fora. 

The  major  functions  performed  by  each  unit  are  listed  below; 

Cloud  Intensity  Unit 

Video  signal  filtering 
Multilevel  video  threshold  detection 
Intensity  level  encoding 

Manual  control  of  video  gain  and  range  attenuation  compensation 
Sweep-to-swaep  averaging  process 
Cloud  Dimension  Unit 

Radar  range  encoding 

Radar  azimuth  conversion— azimuth  sine  and  cosine  encoding; 
and  azimuth  pulse  generation 

Cloud  detection  on  a  sweep-by-sweep  basis 

Cloud  range  extent  measurement  and  gating  function 

Cloud  aziaaith  extent  measurement  and  gating  function 

Coding  programs  for  ffiaamiremerrfcs  of  cloud  intensity;  azimuthal 
and  radial  dimension;  as  a  function  of  radar  range  and  pre¬ 
triggered  sweeps 

Conversion  of  radar  range « -azimuth  coordinate?  to  X-Y  coordi¬ 
nate  location  of  cloud-measurement  data 

Range  shifting  and  scale  expansion  functions 
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I  IC-VIRE  3  -  AUT02AUC  CLOUD  MEASURING  INDICATOR  SYSTEH  BLOCK  DIAGRAM 


Numerical  display  Unit 
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Cloud  measurement  data  buffer  storage 

Buffer  storage  progrananing  for  write-in  data  location  and 
readout  data  sequencing 

Alpha-numeric  character  generation 

X-Y  digital  coordinate  to  analog  voltage  end  sweep  voltage 
generation 

Manual  switching  and  control  functions  for  operation  of  PPI 
storage  tube  numerical  display 

Intermediate  Frequency  Amplifier 

The  radar  receiver  was  modified  to  incorporate  a  line  driver  to  couple 
the  30-mc  IF  from  the  second  stage  IF  amplifier  to  the  input  of  the  ABU 
via  a  50-ohm  coaxial  cable. 

The  30-mc  IF  amplifier  and  detector  strip  in  the  ABU  receives  the  sig¬ 
nals  from  the  radar  IF  amplifier  and  raises  the  output  to  a  1-volt  level. 

The  ABU  IF  amplifier  gain  is  electrically  controlled  by  one  of  the  two 
switch-selected  normalization  functions.  The  functions  are  generated  by  a 
function  generator  consisting  basically  of  integrating  capacitor  driven  by 
range-gated  current  sources.  The  operation  of  these  circuits  is  explained 
under  "Range  Normalization,"  below.  The  IF  amplifier  is  designed  to  accept 
an  extremely  wide  range  of  input  signals.  This  is  accomplished  by  the  use 
of  circuitry  that  produces  a  logarithmic  amplitude  response.  In  this  way 
the  output  dynamic  range  is  compressed  while  the  amplitude  relationship 
between  signals  is  preserved. 

The  overall  gain  is  90  db.  The  overall  dynamic  range  Is  80  db,  being 
linear  for  the  first  10  db  and  logarithmic  over  the  remaining  70  db.  The 
pass baud  is  two  megacycles. 

The  range  normalization  voltage  is  applied  to  the  sensitivity  time  con¬ 
trol  (STC)  input,  with  -12  volts  corresponding  to  minimum  gain,  sad  zero  volts 
corresponding  to  maximum  gain.  Amplified  gain  is  controlled  prior  to  any 
logging  action.  A  2-decade  line  attenuator  is  inserted  in  tfas  input  line  to 
allow  for  the  attenuation  of  very  large  signals. 

The  one-stage  video  amplifier,  an  integrator  amplifier,  and  ©a  emitter 
follower  stage  are  driven  by  the  IF  amplifier,  with  the  emitter  follower 
having  sufficient  impedance  to  drive  the  intensity  encoder  and  rang® 
detector  circuitry. 

The  video  amplifier  has  a  gain  of  SO  db,  which  raises  the  slpal  frm 
the  IF  amplifier  to  10  volts  for  the  inteasity-measuressnt  circuitry. 

Direct  current  restoration  is  provided  to  clesp  the  video  wav©  form  prior 
to  amplitude  measurement. 
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To  waove  the  effect  of  high-frequency  spikes.  smoothing  circuits  ®r« 
provided  to  the  input  of  the  video  amplifier. 

Bagge  Normalization 

The  sensitivity  time  control  (3TC )  changes  the  g^ln  of  the  IP  amplifier 
as  a  function  of  radar  range  to  compensate  for  the  effect  of  propagation 
attenuation  (Pig.  4).  An  analog  function  generator  is  utilised  to  provide 
the  operations  required  to  change  the  IP  g^in  in  any  manner  desirable. 

The  range  normalisation  circuitry  consists  of  8  KOR  circuits,  driven  by 
the  output  of  the  1-mile  range  counter,  which  generates  -100-volt  gates  at 
different  range  intervals.  Normalization  starts  at  range  zero  and  ends  at 
range  256  sidles,  after  which  the  IF  strip  is  at  maximum  gain.  The  gates 
are  of  shorter  duration  in  the  region  of  greater  curvature  of  the  analog 
normalization  function. 

The  functions  are  generated  by  a  capacitor  which  integrates,  values  of 
current  supplied  by  the  8  gates .  The  capacitor  is  initially  charged  to 
approximately  +2  volts  by  the  pulse  rate  frequency  reset  signal.  The  signal 
occurs  during  the  dead  time  preceding  each  radar  trigger.  The  capacitor 
then  discharges  at  a  rate  controlled  by  the  Getting  of  the  potentiometer 
associated  with  each  gate  output. 

Two  sets  of  potentiometers  are  provi^d  so  that  an  R^/R^  function  can 
be  selected  by  means  of  the  ,R2/lr*  range  relay  which,  in  turn,  is  controlled 
by  the  control  panel  R2/r4  manual  switch. 

A  single  potentioros+er  which  returns  to  +24  volts  supplies  a  constant 
charging  current,  to  the  pael tor  to  compensate  for  leakage  losses.  A  diode 

is  connected  across  thr  egrating  capacitor  to  prevent  voltage  across  the 
capacitor  from  going  net  »e. 

The  capacitor  voltage  is  coupled  to  the  input  of  an  operational  ampli¬ 
fier  through  an  emitter  follower  stage.  The  operational  amplifier  amplifies 
and  inverts  the  normalization  function.  The  amplifier  output  is  connected 
to  the  STC  input  of  the  IF  amplifier. 

Intensity  Measurement 

The  ten-level  intensity  circuit  is  an  analog- to-digital  encoder  that 
determines  the  peak  amplitude  of  the  input  video  signal.  This  peak  ampli¬ 
tude  is  thus  converted  to  a  BCD  code  and  on  eozssand  transferred  to  an  adder 
counter  in  the  integrity  integrator  circuit.  The  encoder  is  then  reset  so 
as  to  ready  it  for  the  next  set  of  input  signals. 

The  intensity  level  encoder  consists  of  10  voltage  comparators,  refer¬ 
ence  voltage,  a  logic  circuit  to  determine  the  highest  of  the  10  intensity 
levels,  a  decimal- to-binary  encoder,  and  associated  control  circuit. 

The  intensity  level  encoder  (Fig.  5)  functions  as  follows:  The  center 
tap  of  each  potentiometer  is  extended  to  the  set  input  of  each  flip-flop. 

10 
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FIGURE  S  -  INTENSITY  LSYBL  ENCODER 


One  end  of  the  potentiometer  is  common  and  it  is  to  the  points  that  the 
video  pulses  are  applied.  The  setting  of  the  potentiometer  controls  the 
input  current  and  hence  the  triggering  level  to  each  flip-flop.  Each  flip- 
flop  has  an  accompanying  indicator  light  and  may  be  used  as  an  indication 
of  the  intensity  level  of  the  input  signal  merely  by  counting  the  number  of 
ON  lights  that  are  glowing.  The  neon  indicators  are  also  vised  for  calibrat¬ 
ing  the  threshold  level. 

The  decimal-to-binaiy  conversion  is  done  by  the  logic  circuits  that 
follow.  The  output  of  the  level- detecting  flip-flop  is  extended  to  ten 
inputs  and  gates  which  determine  the  logical  product  between  the  "1"  output 
of  a  flip-flop  and  the  ''0''  output  of  the  next  higher  level  flip-flop, 
representing  the  highest  intensity  level  applied.  The  output  of  the  AND 
gates  is  amplified  and  inverted  and  applied  to  four  NOR  gates  via  emitter 
i jllower,  where  binary  conversion  is  performed. 

Intensity  Integrator 

The  intensity  integrator  circuit  of  the  APMX  directly  controls  all 
encoded  intensity  measurements  from  the  time  of  measurement  to  tine  of  dis¬ 
play.  Its  function  is  to  sum  and  divide  intensity  measurements  (signal 
averaging),  range,  azimuth  extent  measurements,  decisions  concerning  accept¬ 
ing  of  new  data  or  printing  of  quantized  data,  data  priority,  and  character 
generator  print-out  control. 

A  small  portion  of  the  buffer  memory  is  used  for  the  averaging  of 
intensity  measurement  samples .  Thirty-two  words  of  memory  are  used  for  this 
operation.  Averaging  is  accomplished  by  adding  the  encoded  intensity  values 
for  8  consecutive  sweeps  when  using  the  low  pulse  rate  frequency  of  186  cps 
and  16  consecutive  sweeps  when  using  the  high  prf  of  931  cps.  This  averag¬ 
ing  process  has  the  effect  of  smoothing  out  the  fluctuations  that  are 
■Inherent  in  video  return  from  clouds. 

The  adder  used  to  accumulate  intensity  measurements  is  comprised  of 
eight  bits,  and  functions  according  to  the  integration  timing  chart  for  inte¬ 
gration  mode  of  operation  (Fig.  6) .  The  adder  is  readied  when  a  reset  com¬ 
mand  pulse  is  received  from  the  memory  timing  circuit  and  reset  to  zero. 

An  ADD  transfer  pulse  then  transfers  information  from  the  four-bit  intensity 
level  encoder  into  the  ADDER.  Simultaneously,  an  "unload”  sync  pulse  trans¬ 
fers  previously  stored  data  from  the  memory  information  register  to  the 
input  of  the  eight-bit  parallel  adder.  Since  no  data  were  stored  in  tbs 
memory  information  register  at  the  initial  processing  time,  the  first  sum 
brought  from  memory  will  be  zero. 

This  sum  is  then  added  to  coded  intensity  data  previously  held  in  the 
adder  by  an  ADD  strobed  command  pulse.  When  the  addition  has  been  completed, 
the  sum  will  appear  both  at  the  output  of  the  ADDER  and  the  inputs  of  OR 
gates  in  complement  form.  The  sum  is  gated  through  the  OR  gates  by  an  inte¬ 
grating  pulse  via  inverting  amplifier  and  applied  to  gating  logic  circuits. 
All  data  such  as  intensity,  range,  and  azimuth  mist  pass  through  these  cir¬ 
cuits  before  going  to  memory.  A  command  load  sync  and  MR  strobe  pulses  pass 
the  intensity  sum  to  the  integration  portion  of  the  memory.  The  cycle 
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repeats  again,  with  the  adder  reset  pulse  setting  the  ADDER  to  zero,  the  ADD 
pulse  setting  into  the  adder  another  four-bit  binary  coded  intensity  word, 
the  unload  sync  pulse  bringing  from  memory  to  the  input  of  the  adder  the 
intensity  sum  previously  stored  and  the  load  sync  command  that  writes  the 
new  intensity  sum  back  into  the  integration  portion  of  the  memory  for  another 
addition  process  to  start.  For  the  931  PPS  (high  pulse  rate),  the  cycle 
repeats  16  times;  for  the  186  PPS  (low  pulse  rate),  the  cycle  repeats  eight 
times.  At  the  end  of  the  sampling  time,  the  accumulated  intensity  sum  is 
divided  by  the  number  of  samples  taken  and  then  written  back  into  the  proper 
location  in  the  display  portion  of  the  memory. 

NOTE:  A  word  contains  eight  bits  (0  through  7);  the  2nd  and  3rd  axe  not 
used.  The  4th,  5th,  6th,  and  7th  bits  contain  the  intensity,  or  dimension, 
information.  The  zero  and  one  bits  are  identification  bits.  When  the  zero 
(print  33)  bit)  bit  is  set  to  its  true  state,  the  word  of  which  it  is  a  part 
has  been  printed.  When  the  one  bit  has  been  set  to  its  true  state,  the  word 
of  which  it  is  a  part  contains  dimension  data.  This  bit  is  called  the 
dimension  33)  bit  and  is  used  to  inhibit  any  new  dimension  data  from  entering 
the  memory  if  old  data  have  been  previously  stored. 

On  command  of  unload  sync  and  AR  strobe  pulses  (Fig.  7)>  the  word  pre¬ 
viously  stored  is  brought  out  from  the  display  portion  of  memory  (memory  out¬ 
put)  and  gated  to  the  special  gating  logic  cards.  The  two  information  bits 
(0  and  1)  from  memory  are  applied  to  an  OR  gate.  If  both  of  these  bits  are 
zero  at  the  time  data  are  sampled,  the  AND  gate  remains  closed  and  the 
inhibiting  flip-flop  that  follows  remains  reset.  A  reset  condition  is  an 
indication  that  the  word  brought  from  memory  has  not  been  printed  and  does 
not  contain  dimension  data,  and  calls  for  dumping  this  word  and  rewriting  a 
new  word  in  its  place.  The  accumulated  sum  from  the  integration  portion  of 
the  memory  is  transferred  by  the  unload  sync  and  AR  strobe  at  the  6th  count 
of  the  memory  timing.  The  4th,  5^*  6th,  and  7th  bits  then  are  gated 
through  special  gating  logic  cards  to  the  display  portion  of  the  memory  by 
load  sync  strobe  and  MR  strobe  cosK&nd  pulse  at  the  count  of  thirteen.  It 
should  be  noted  that  the  four  least  significant  bit  has  been  discarded. 

This,  in  effect,  has  shifted  the  decimal  point  four  bits,  thereby  a  division 
of  16  for  the  931  FRF  (high).  In  the  186  FRF  (low),  the  three  least  signi¬ 
ficant  bit  has  been  discarded,  thereby  a  division  of  eight. 

In  the  case  where  either  the  Print  ID  or  Dimension  ID  bit  was  a  "1," 
indicating  that  either  data  at  the  time  of  sample  has  not  printed  or  the 
word  contains  dimensional  data,  the  inhibit  flip-flop  would  have  set  to  the 
one  position,  thereby  inhibiting  the  unload  sync  and  AR  strobe  pulses  at 
the  count  of  eight  and  the  MR  strobe  at  the  count  of  13 •  Consequently,  the 
word  transferred  from  memory  is  not  passed  on  to  the  display  portion  of  the 
memory  as  was  the  case  mentioned  above;  the  accumulated  sum  is  dumped  and 
the  dimensional  data  are  rewritten  back  into  the  memory  at  the  count  of  13 . 
This  condition  mes ns  that  printed  data  and  previously  stored  dimension  data 
have  priority  over  new  intensity  or  new  dimension  data. 

As  mentioned  above,  the  intensity  integrator  unit  also  controls  pro¬ 
cessed  dimensional  data.  Similarly,  the  intensity  data,  range,  and  azimuth 
data  are  gated  from  their  respective  BCD  counters  to  the  display  portion  of 
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memory  via  the  special  gating  logic  cards.  The  dlmeEoIOjiQl  data  apgsar  90 
three  -words:  oas  word  for  identifying  letter  A  (azimuth)  or  K  (range),  one 
word  for  the  ten  number,  and  one  word  for  the  unit  number.  These  words  are 
gated  to  ssasory,  one  word  at  a  tings.  This  sequential  operation  is  accom¬ 
plished  by  lines  to  the  gate  circuits  narked  ©,  R,  A,  B,  and  C.  The  ©  and 
R  lines  select  either  azimuth  or  range  data,  the  coEsaaisd  being  generated  in 
the  dimensicc  code  receiver.  Tbs  A,  B,  and  C  lines  select  each  word  of  the 
dimension  (azimuth  range),  one  word  at  a  tin®. 

Figure  8  is  a  timing  diagram  of  the  coEsaands  that  control  the  storing 
of  dimension  data.  At  the  count  of  two  of  the  memory  timing  cycle,  a  word 
is  transferred  from  the  display  portion  of  the  s ismory  by  the  unload  sync 
and  AR  strobe  commands.  At  a  count  of  six,  the  print  IP  bit  and  dimension 
ID  bit  are  sampled.  If  both  bits  are  zero,  the  word  transferred  from  memory 
is  not  dimensional  data  and  has  not  been  printed.  At  a  count  of  eight,  the 
load  sync  and  MR  strobe  command  pulse  gate  the  new  dimension  data  to  mtmrys 
one  word  at  a  time.  Sixmiltsneously,  at  the  count  of  eight,  an  advance  poise 
is  generated  which  activates  a  shift  register  which  shifts  (A,  B,  and  C  com- 
*  mend  in  the  dimension  code  receiver)  from  the  A  command  to  the  B  coamnd. 

!  This  action  is  repeated  until  all  three  words  are  transferred  into  memory. 

i 

|  This  unit,  in  addition  to  handling  the  above  function,  also  handles 

words  from  the  display  portion  of  memory  during  the  prist  mode.  These  words, 
j  |  one  at  a  time,  are  decoded,  and  thereby  generate  the  proper  esassasd  for  the 

I  \  slmraater  generator.  In  this  case  the  word  that  le  brought  from  namsry  to 

|  be  printed— the  4,  5,  6,  and  7  bits— is  applied  to  the  appropriate  terminals 

'  f  of  a  flip-flop  register.  The  output  of  this  register  is  then  applied  to  a 

]  decoding  network  which  energizes  the  proper  line  of  the  character  generator. 

5 

Mode  Programmer 

The  mode  prograasiar  generates  the  timing  of  the  integrate,  store,  and 
print  sequence. 

The  integrate  interval  consists  of  a  time  span  of  8,  1 6,  or  32  HJP 
sweeps.  The  integrated  time  interval  is  a  function  of  the  range  and  ERF 
setting.  The  time  during  each  integrate  interval  is  utilized  for  the  sweep- 
to- sweep  averaging  of  the  intensity  values. 

The  store  interval  immediately  follows  the  integrate  interval  and  is 
divided  into  two  parts:  store  intensity  and  store  dimension.  The  store 
interval  lasts  for  only  one  sweep  time  of  FRF  period,  regardless  of  range; 
however,  the  length  of  time  for  the  interval  is  a  function  of  PRF.  The 
store  interval  is  used  for  the  transfer  of  average  intensity  values  from  the 
integration  portion  of  the  marnory  to  the  display  portion  of  the  ©emery  and. 
t  also  for  the  storing  of  any  range  ©r  azimuth  values , 

i 

|  The  print  interval  follows  the  store  interval  and  lasts  for  ossa  sweep 

I  period.  The  print  interval  is  a  function  of  ESP  sad  is  independent  of 

(range.  During  this  interval,  both  intensity  and  dissension  values  are  trans¬ 
ferred  from  the  display  portion  of  the  memory  and  are  printed  o&  the  display 
storage  cathode-ray  tube*  Figure  9  depicts  lisa  functional  operation  and 
logical  equations  utilised  hare  to  perform  these  functions. 
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The  function  of  the  mode  prograiaEBr  (Pig-  10)  la  as  f< nil  mm.  The  cir¬ 
cuitry  is  divided  into  three  sections:  control  circuitry,  counting  flip- 
flops,  and  decoding  gates..  The  operation  starts  with  the  receipt  of  a  pulse, 
a  eessand  TSiXsg  _  tsm.  the  aziiaith  control  circuitry  located  on  the  servo 
uses*  This  pulse  occurs  once  at  the  beginning;  of  each  antenna  revolution* 
Tfeis  eessgad  pulse  triggers  a  half -second  daisy  flip-flop  whose  feeding 
edge  in  turn  triggers  a  20-mierosecoad  flip-flop.  The  outputs  of  the  latter 
ars  utilised  to  erase  previously  displayed  data,  to  reset  the  messcry,  and 
reset  various  circuits  throughout  the  equipment.  The  original  half-second 
daisy  was  necessarily  made  long  so  as  to  permit  all  reset  eosaasnda  to  be 
applied  and  propagated  through  all  circuits  in  preparation  for  the  following 
sigad-precessiag  interval.  The  delay  output  pulse  of  this  flip-flop  is 
taxi-ended  to  the  set  input  of  the  "start  process"  flip-flop.  When  the  next 
SHF  pulse  occurs,  the  flip-flop  goes  to  its  reset  conditions  and  a  "start 
process”  ceassand  pulse  is  generated.  This  "start  process"  pulse  sets  the 
"start  count”  flip-flop,  'which  remains  until  the  antenna  has  completed  a 
revolution. 

The  "1"  output  of  the  start-count  flip-flop  is  extended  to  an  ASD  gate 
which  gates  THF  pulses  to  a  six-bit  counter.  The  cycle  repeats  again  at 
the  beginning  of  each  astenua  revolution. 

The  six-bit  counter  counts  WF  pulses  in  binary  cods.  The  outputs  of 
this  counter,  both  true  and  cc^plamsnted,  are  amplified  and  go  to  decoding 
gates.  The  three  sequencing  signals  (integrate,  store,  and  print),  in  their 
proper  position  and  correct  tin®  span,  appear  at  the  outputs  of  the  decoding 
gat®. 


Although  not  shown,  when  the  end  of  the  print  interval  1®  reached,  a 
5~^iero@ee©n&  delay  flip-flop  is  triggered  by  tbs  print  signal*  Th@  output 
of  this  flip-flop  is  sEtpUfisd  and  used  to  reset  the  six-bit  counter,  where¬ 
by  the  coasting  and  decoding  tegia  The  initial  operation  cycle  is 

also  reset  at  the  bg^naisg  ef  each  aatenm  rsvalsrfeiss  by  the  "start  gmsmu" 
pul m*  This  is  to  insure  that  the  first  integpsat®  interval  begins  initially 
at  the  start  of  an  astamm  revelation.  The  "start  count"  flip-flop  im  reset 
at  the  occurrence  of  the  "faster  Eeeet"  pulse. 

The  "store  intensity"  circuit  operates  in  such  a  manner  that  m  ASJD 
gate  is  enabled  when ever  the  equipsent  is  mt  in  the  store-dleeagioa  portion 
of  the  store  interval.  A  double  inverter  provides  a  true  and  e©®pXes2snt@& 
"store  intensity”  sigp&l. 


Tha  aaterfeh  input  circuitry  (see  Fig.  11)  tma ti&zw  m  follows:  The 
stator  leads  ef  tha  asissath  synchro  transmitter,  located  in  the  radar  set 
M/MS3-34  or  Al/CfS-9>  are  extended  to  the  ABU  and  are  extended  to  tha 
raster  of  tha  synchro  differential  generator.  The  shift  ©f  this  pwate 
extends  through  tha  control  paid  ef  tha  display  unit  and  perssdis  the  entry 
©f  desired  1 mring  nRag&  ©garmtlag  in  tha  "Off  Center”  mode.  Tha  different  id 
stotor  wiadieg  is  extended  t®  th©  sysehro-ceatml  transformer  located  os  tha 
servo  deck.  The  error  voltage  that  is  generated  by  this  transformer  censes 
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th©  servo  motor  to  drive  the  rotor  of  the  control  transferor  to  the  a»12 
position.  The  control  transformer,  amplifier,  and  servo  motor  comprise  a 
simple  servo  followers 

A  digital  sin/ cos  encoder  and  a  continuously  rotatable  precision 
potentiometer  are  geared  to  the  shaft  of  the  servo  motor.  The  sin/ cos 
potentiometer  converts  the  shaft  angle  to  sine  cosine  functions  and  produces 
these  functions  in  the  fora  of  a  7-bit  binary  code.  A  sine  bit  is  included 
in  the  encoder  and  produces  the  positive  and  negative  values  of  the  sine  and 
cosine  functions.  Since  the  7-bit  gray  code  is  weighted  and  unsuitable  for 
arithmetic  operations,  it  is  necessary  to  convert  the  output  of  this  decoder 
to  a  1-2-4-8  binary  code. 

The  gray  to  binary  converter  consists  of  the  following:  A  5-bit  flip- 
flop  register;  five  stages  of  exclusive  OR  gates,  with  a  true  and  a  comple¬ 
mented  output;  and  a  delay  flip-flop  used  to  generate  tbs  necessary  control 
pulses.  An  identical  circuitry  exists  for  the  cosine  conversions  except 
for  the  delay  flip-flop,  which  is  eresaoa  to  both  circuits. 

The  gray  coded  output  is  extended  to  the  ’-Set"  input  of  the  flip-flop 
register.  The  register  is  first  reset  by  the  FRF,  readying  it  for  cod®  con¬ 
version.  The  output  of  delay  flip-flop,  which  is  also  triggered  by  the  FKF, 
returns  the  flip-flop  register  to  its  true  state.  This  action  permits  the 
gray  code  on  the  input  lines  to  enter  the  register. 

The  flip-flop  register  holds  this  code  for  one  FRF  interval  while  the 
exclusive  OR  gates  perform  the  conversion  to  natural  binary  code.  The  time 
delay  between  the  time  the  cods  enters  the  register  no  the  conversion  to 
natural  binary  code  is  approximately  JO  microseconds.  This  is  then  trass - 
!  ferred  to  the  coordinate  converters  on  the  receipt  of  the  next  ERF  pulse. 

The  shaft  angle  encoder  also  produces  the  algebraic  sine  and  the  cosine 
functions,  which  are  transferred  along  with  tbs  binary  code. 

The  continuously  rotatable  precision  potentiometer  converts  tbs  shaft 
angle,  representing  the  radar  antenna  aslasrth  angle,  into  a  bipolar  linear** 
rasp  voltage,  which  varies  between  4-10  and  -10  volts.  The  differential 
generator  is  ssschanically  adjustable  so  that  the  output  of  the  potentio¬ 
meter  is  zero  at  the  area  of  Interest.  The  output  of  the  poieatieaster  is 
extended  to  an  analog  comparator  located  on  -Use  servo  deck  where  it  is  com¬ 
pared  with  a  unipolar  voit&ga.  In  the  Off  Center  mods  of  operation,  this 
unipolar  voltage  is  equivalent  to  half  the  angular  extent  of  the  sector 
selected,  which  is  a  function  of  the  range  and  FHF  rate. 

This  unipolar  voltage,  which  Is  fixed  reference  voltage,  is  developed 
through  the  use  of  trirspots  whose  selection  is  determined  by  tbs  relay  on 
the  servo  deck  and  which  are  manually  controllable  by  switches  on  the  eon- 
l  trol  panel. 

i 

The  analog  comparator  compares  the  two  voltages,  and  when  the  variable 
voltage  from  the  potentiometer  is  more  positive  than  the  reference  voltage 
the  comparison  is  a  negative  3  volts  corresponding  to  a  logical  zero.  When 
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the  ccBparator  output  is  a  negative  11  volts.  A  level-changing  amplifier  is 
added  to  the  output  of  the  comparator  to  mafcs  its  logic  levels  correspond 
with  these  utilized  throughout  the  equipment.  When  the  level-charging  ampli¬ 
fier  has  a  logical  ”1"  as  its  output,  the  "  start”  flip-flop  (not  shown)  is 
reset  to  its  false  state.  This  allows  the  next  ERF  pulse  to  pass  through 
the  start  azimuth  gate  and  signifies  the  start,  in  azimuth,  of  the  region  of 
interest.  This  signal  is  utilized  to  generate  the  necessary  signals  such  as 
Start  Process,  Master  Reset,  and  Display  Erase  (in  mode  programmer  units). 

The  FRF  pulse  that  passed  through  the  AND  gate  is  also  used  to  set  the  Start 
azimuth  flip-flop  to  its  true  state  and  thereby  disabling  the  AND  gate  so  as 
not  tc  allow  more  FRF  pulses  through  until  the  next  time  the  comparator 
triggers • 


The  equipment  is  also  provided  with  an  auto-manual  switch  so  as  to  allow 
cloud  intensity  values  to  be  printed  on  the  storage  CRT  and  remain  stored 
until  erased  by  depressing  the  erase  button.  When  the  switch  is  in  the  AUTO 
position,  the  circuits  that  generate  the  master  reset,  display  erase,  and 
start  process  operate  in  accordance  to  that  described  above.  However,  in  the 
manual  position,  the  above  three  signals  are  controlled  by  a  manual  recycle 
gate.  When  the  recycle  button  is  depressed,  the  manual  recycle  flip-flop  is 
set  and  a  logical  "1"  resets  the  manual  recycle  gate.  When  the  comparator 
triggers  at  the  beginning  of  the  antenna  cycle,  the  FRF  pulse  from  the 
"Start  Azimuth"  gate  is  gated  through  the  manual,  recycle  gate  and  on  to  the 
circuit  that  generates  the  three  processing  signals. 

Address  Circuitry 

The  function  of  the  address  circuitry  is  to  provide  the  proper  codes 
for  handling  the  processed  data  that  eater  and  are  retrieved  from  the  mag¬ 
netic  core  memory.  In  the  PPI  mode,  the  address  circuitry  also  functions  as 
a  real-time  coordinate  converter. 


An  address,  as  applied  to  memory  operation,  is  simply  a  binary  code  of 
10  bits.  However >  it  is  convenient  in  this  design  to  divide  the  total  10- 
bit  address  into  5-bit  (X  and  Y)  components  because  of  the  rectangularity 
of  the  AFMI  display.  It  is  also  convenient  to  discuss  the  functioning  of 
the  address  circuitry  as  a  set  of  related  but  distinct  sources.  For  an 
exauple,  the  X^,  Yn  address  circuitry  generates  the  code  necessary  to  place 
the  average  intensity  data  in  the  proper  memory  location.  During  subsequent 
read-out  and  printing,  the  numerical  characters  will  appear  on  the  display 
storage  CRT  in  the  correct  location  as  detected.  There  are  four  sets  of 
address.  Figure  12  lists  the  purpose  and  use  of  each  set. 

Figure  13  sh?WB  the  X-_,  Y^  address  generator.  It  is  apparent  from  this 
diagram  that  this  circuitry  is  very  closely  associated  with  the  coordinate 
conversion  equipment. 

In  the  PPI  mode  of  operation,  the  scaler  scales  the  rate  of  "carries" 
fresa  the  adder  so  that  the  least  significant  bit  of  the  address  corresponds 
to  one  display  interval.  However,  in  the  Off  Center  mode  of  operation,  the 
xi  counter  counts  advance  pulses  generated  by  the  processing  programmer  cir¬ 
cuitry.  This  pulse  occurs  at  the  end  of  the  "Print"  interval,  once  each 
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processing  cycle,  so  that  tfes  angular  change  is  aptsisaa  petition  during  the 
processing  cycle  ig  s&de  equivalent  to  one  display  increment,  in  the  X 
dimension,  cf  the  B-sean  presentation. 

The  address  in  the  Off  Center  node  is  generated  by  counting  4/5  ^ 
clock  pulses  that  have  been  sealed  suitably  to  natch  the  selected  range  "sith 
the  B~sc®le  I  dimension  foxsat. 

Address  Xg  (Fig.  14)  is  generated  by  a  5-bit  binary  counter  arranged 
to  count  scaled  4/5-saile  pulses  generated  frea  the  Xx,  Y^  circuitry.  Yg  (not 
shown)  is  fixed  at  value  31  because  this  2s  the  section  of  salary  reserved 
for  storage  during  integration.  In  the  25-aila  range,  the  gating  circuits 
adjust  the  least  significant  bit  of  Xg  by  selecting  altercate  range-  lucre- 
manta  or  adjacent  sweeps  in  order  to  reduce  memory  spsad  requirements.  The 
output  of  tha  gate  circuitry  produces  a  pulse  each  time  the  address 
increases  by  oss  count.  Thin  pulse  serves  as  an  intensity  readout  cossaaad. 

The  X3,  Y3  addresses  function  is  to  read  frea  the  saaary  during  the 
print  operation.  This  is  accomplished  by  using  two  5~bit  counters  connected 
in  tandem.  A  closed-loop  timing  circuit  genarates  pulses  to  advance  the 
counters  ant  also  to  eosssand  the  various  asaory  functions.  The  epemtixm  of 
the  X3,  Y3  is  fclloisi; 

a.  The  print  ID  bit  is  sampled,  and  if  this  bit  Is  a  wl,"  the  word  of 
that  particular  address  has  already  been  printed  and  therefore  the  word  is 
returned  to  storage  and  a  pulse  sent  to  the  X3  counter.  This  action  is  con¬ 
tinued  uutcsaatically.  In  the  case  where  the  sampled  printed  ID  bit  is  a 
zero,  a  Print  Enable  command  pulse  is  generated,  which  calls  for  the  data  to 
be  displayed.  The  address  is  maintained  for  100  microseconds,  the  time 
required  to  accaa^lish  the  writing  os  the  CM  display  tube.  The  set  ID  bit 
coassmd  pulse,  not  shown  in  the  sampling  circuitry,  causes  a  word  to  be 
written  into  storage  when  the  Print  ID  bit  is  a  "1." 

b.  The  above  action  cosst lanes  for  the  duration  cf  each  print  interval. 
Eventually,  all  characters  in  the  storage  will  be  displayed.  Code  31  of  the 
Y3  address  is  by-passed  because  no  characters  to  be  printed  are  stored  in 
this  section  of  the  memory. 

The  X4  and  Yk  memory  addressing  code  is  used  to  address  the  display 
portion  cf  the  memory  et  the  time  that  dimension  data  are  stored.  The  X4 
address  is  held  in  a  5°bit  binary  which  is  preset,  at  the  time  a  r ©age  or 
azimuth  dimension  is  made,  with  the  Xj_  address.  This  register  is  sscesssry 
because  the  Xx  code  is  continually  changing,  in  addition  to  the  fact  that 
dimension  cods  consists  of  three  words,  necessitating  a  tw©-§t<sp  Increase  in 
the  address  before  gre  storage  can  b®  cc&pl®b©&.  The  Y4  address  is  preset 
into  a  5*bit  flip-flop  register  and  regains  eosetaafe  until  the  §3$ma 
hare  been  stored. 

The  four  different  address  sources  (Fig.  15)  &£©  to  tbs  Eg^Bsry 
register  at  tha  proper  tieog.  Thm  AB  strobs  is  ^eaaratod  by  the  issmry- 
tiaing  control  circuitry  and  functions  to  tete  th®  appearing 

©a  the  input  liiLB  into  the  .tsssory  address  ragislsr.  Tbs  linos  are  diublO'- 
©adffid  to  avoid  @ver  hawing  to  preset  the  gy  address  rogistor. 
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The  ess  tar  dock  consist®  of  a  931*2*XM3c  erystal-eoatrtslXed  oscillator 
end  is  utilized  la  tfea  system  to  provide  synchronised  clock  pulses?  at  a  rate 
equivalent  to  2/5*  2/5,  4/5#  rjmi  Kile,  The  circuitry  sis©  gener¬ 

ates  the  syiiesi  Wf  pal am  of  sufficient  length  and  delay  to  reset  counters, 
shift  registers,  and  flip-flop  registers,  (S@@  Fig,  16,  Master  Clock  Tid¬ 
ing.)  This  delay  is  to  ecaspsasate  for  the  propagation  delay  that  occurs 
fresa  sts^j  to  stags  throu^aout  th®  ©quipaant. 


The  frequency  of  931*200  kc  is  used  to  generate  the  1/5  ail®  clock 
pulses.  The  2/5,  4/5,  and  one-mile  rates  are  obtained  by  dividing  the  baa© 
rat©  through  the  us®  of  flip-flop  registers* 

Ths  unit  also  generates  three  FBF  pulses:  synchronized  radar  FH?,  sys¬ 
tem  FHF,  and  PSP  reset. 


Range  Offset  Circuitry 

The  range  offset  circuitry  provides  the  range  delay  in  the  off-center 
mode  of  operation  to  place  any  radar  target  in  tbs  center  of  the  display 
storage  CRT. 

The  9-bit  binary  counter.  Fig.  17,  counts  the  necessary  number  of  one- 
mile  clock  pulses  required  to  obtain  the  maxisma  range  offset.  A  digital- 
to- analog  cosrgerfcer  converts  the  binary  range  count  into  its  equivalent 
analog  voltage. 


The  output  of  the  digital-to-analog  circuitry  is  extended  to  an  input 
of  as  asalo g  cossparatcr  vi«.  an  operational  amplifier.  The  leads  of  a  nsulti- 
turn  precision  potentiometer,  located  on  the  control  panel,  are  also  extended 
to  m  input  of  the  ccsqp@Es.tor.  The  ©sater  top  sf  this  precision  potent!- 
G®at@r  is  mei.  m  a  unipolar  reference  voltage  for  voltsgs  ees^psxisoa,  The 
analog  comparator  receives  both  the  potent  iGaeter 9 s  reference  voltage  repre¬ 
senting  the  desired  range  for  offset  operation  end  the  analog  equivalent  of 
the  range  center  representing  radar  range.  Whan  both  voltages  are  coinci¬ 
dent,  the  output  of  the  .comparator  swings  negative,  triggering  a  delay  flip- 
flop.  This  output  is  used  to  start  the  processing  cycle.  Also  in  this  sub¬ 
assembly  are  circuits  that  generate  a  reset  pulse  used  to  reset  the  range 
counter. 

Buffer  MaxBory 


The  buffer  isasrory  is  a  random-access  mgnetic  core  memory  (cossssreial 
design),  with  a  rasaory  capacity  of  1024  words  of  eight  bits  each.  The  1024- 
word  requirement  is  because  of  tbs  32  x  31  sideplay  forest.  The  word 
length  of  eight  bits  is  necessary  because  as  assy  as  16  video  intensity 
.5€£3pls23  are  to  be  svsrsgad. 


An  Aiapeac  BB  1024  x  8  mystic  core  memory  provides  the  buffering  action 
necessary  to  Batch  the  high  data  input  rate  of  this  system  to  the  low 
character  printing  rate.  It  also  serves  to  hold  the  intermediate  suss  dur¬ 
ing  integration  process.  Thirty-two  words  (8  bits  each)  are  reserved  for 
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integration,  and  the  reasoning  992  words  are  used  to  store  data  after 
processing  and  prior  to  display. 

The  sms ory  is  capable  of  completing  a  read  or  write  action  in  five 
microseconds . 

Detection  and  Be&ge-Bxtent  Measurement 

The  circuitry  for  the  unit  that  performs  target  detection  end  range- 
extent  measurement  is  shorn  in  Fig.  18.  Storage  vithin  this  processor  for 
cosssnds ,  processing,  and  "hold"  for  readout  is  provided  by  transistor 
bistable  registers  employing  binary  digits.  Tbs  radar  video  la  one  of  tbs 
inputs  to  the  detector  which  cospares  the  video  level  to  a  threshold.  The 
output  is  a  binary  "1"  whenever  the  threshold  is  exceeded,  and  "zero"  else¬ 
where.  The  detection  circuitry  decides  wither  or  sot  a  target  exists  and 
then  measures  the  range  extent  of  the  target  signal.  If  the  target  has  a 
range  extent  of  one  nils  or  greater,  an  extent  isasureaast  will  be  mde. 

The  processor  detects  the  extended  target  region  and  verifies  the  detection 
in  range. 

The  output  of  the  detector  is  sampled  at  this  range  clock  rat®  of  931.220 
he,  giving  X/5-adle  resolution.  If  the  signal  has  exceeded  the  threshold., 
tbs  range  clock  and  the  detector  output  generates  a  "hit”;  otherwise  & 

"miss"  is  generated  at  the  range  clock  rate.  Th®  requirement  for  a  valid 
target  is  three  hits  in  succession.  TO  assure  that  the  hits  are  consecutive, 
a  miss  in  used  to  reset  the  target  "start"  counter.  To  prevent  reset  after 
the  target  start  condition  has  been  rendered,  the  miss  signal  is  inhibited 
by  the  "0"  output  of  the  target  start  control  flip-flop. 

When  the  target  start  criterion  has  been  fulfilled  by  throe  consecutive 
hits,  the  start  flip-flop  is  "set"  and  transfers  tits  range  clock  pulses  into 
a  three-bit  counter.  The  output  of  the  counter  is  decoded  and  is  used  to 
reset  the  counter  on  each  five  counts.  This  r©s@t  pulse  occurs  every  all©, 
and  successive  five  counts  are  aeeasaalated  in  the  BCD  casasters.  TMe 
process  continues  until  the  target  "end"  condition  its  detested,  fey  a  two-ota^s 
counter  into  which  "misses"  are  applied  an  the  count.  To  prevent  false  sad 
conditions,  this  counter  is  reset  by  the  "hit"  condition. 

The  count-of- three  decoder  on  the  end  condition  counter  is  used  to 
reset  the  start  flip-flop  which  stops  further  sccuauX&tios  of  count  in  the 
3-bit  and  BCD  counters.  It  further  controls  processing,  if  the  target 
exceeds  one  mile  in  range,  by  "setting”  tbs  second  control  flip-flop,  which 
inhibits  the  start  of  the  second  target  until  the  raags-eac teat  information 
has  been  read  out.  Occurrence'  of  tha  proper  end  condition  them  allows  tbs 
target  range  extent  to  be  read  cut. 

Thar®  is  a  control  flip-flop  which  Is  set  by  tbs  eetsrfc  of  five  outputs 
fro©  the  three-bit  counter.  If  the  rssge  extent  is  css  @11®  ©r  greater, 
this  flip-flop  is  set  and  allows  the  end  condition  and  subsequent  target 
extent  readout.  If  the  end  condition  occurs  before  the  target  exfegat  has 
reached  one  mile,  the  getting  of  the  end  flip-flop  is  inhibited  sad  th® 
thr$@-bit  counter  is  reset  and  ready  for  the  next  target. 
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The  expected  operation  for  tbs  detection  of  an  extended  target  with 
range  extent  one  mile  or  greater  concludes  with  the  range  extent  in  the  BCD 
counter  and  the  end  flip-flop,  indicating  the  end  of  the  target  and  calling 
for  readout  through  the  target  strobe  signal.  The  readout  pulse  then  resets 
the  necessary  portions  of  the  processor  in  preparation  for  the  next  target. 

In  the  case  via; re  no  readout  pulse  occurs,  or  when  there  is  a  target  In 
process  at  the  radar's  range  extreme  which  cannot  be  ccsqaleted,  the  radar 
trigger  is  used  to  reset  the  processor  at  the  beginning  of  the  radar  sweep. 

Azimuth  Extent  Measurement 

1.  Azimuth  Extent  Counters.  Because  information  is  generated  die  con¬ 
tinuously  with  time,  a  set  of  memory  elements  mast  be  provided  for  each 
desired  azimuth  channel.  Sixteen  channels  are  provided  in  the  Area  Precipi¬ 
tation  Measuring  Indicator  (APMl) .  This  number  is  equal  to  the  number  of 
display  elements  in  the  P?I  mode.  In  OFF*  CENTER  operation,  alternate  display 
elements  are  processed  for  azimuth  extent. 

The  azimuth-extent  counters  (Fig.  19)  function  as  follows:  A  17-bit 
shift  register  is  driven  by  READ  IHHSSSm  ccsssand  which  causes  a  bit  to  be 
shifted  along  the  shift  register  in  synchronism  with  the  occurrence  of  indi¬ 
vidual  display  elements.  The  presence  of  this  bit  causes  the  input  of  the 
16  binary  counters  to  be  operated  in  sequence.  If  a  sigaal  is  detected  any¬ 
where  within  a  display  Interval,  the  hit  line  will  be  energized,  causing 
the  Input  flip-flop  to  be  set.  The  flip-flop,  while  set,  allows  asimth 
change  pulses  (ACP)  to  pass  to  the  count  input  of  an  8-binary  counter.  The 
counter  will  accumulate  a  count  at  the  ACP  rate  until  a  no-hit  condition 
occurs,  signifying  the  end  of  a  target  in  the  azimuth  dimension.  The  no-hit 
signal  resets  the  input  flip-flop,  stopping  the  counting  process  and  causing 
a  pulse  generator  to  be  triggered.  The  output  of  the  pulse  generator  is 
extended  to  the  multiplier  unit  as  a  start  ceasasd  and  also  transfers  the 
accumulated  count  from  tbs  counter  to  an  OB  gate  matrix  and  subsequently  to 
the  azimuth  input  of  the  multiplier.  Although  not  indicated  in  Fig.  19,  the 
8-bit  counter  is  also  reset  at  thin  time. 

Because  the  antenna  is  rotating  at  a  constant  5  rpa,  the  AC?*s  are 
generated  by  a  free-running  multivibrator.  A  frequency  of  34  eps  is  chosen 
to  yield  an  angular  change  between  pulses  of  1/128  radian.  The  flip-flop 
operates  to  synchronize  the  ACP's  with  the  FRF.  This  arrangement  is  per¬ 
missible  because  the  FRF  rate  is  always  greater  than  34  cps. 

2.  Multiplier.  Figure  20  gives  details  of  tbs  saltiplier  unit.  Jfeay 
of  the  opiratiBneX” details  will  bs  Ignored  in  the  following  discussion. 

The  MULTIPLY  START  COmHD  initiates  multiplication.  The  two  quantities 
to  be  multiplied  are  the  azisrth  extent  in  radian  measure,  which  is  held  in 
storage  register  A,  and  the  range  in  miles,  which  is  ipted  fres  the  range 
delay  counter  into  shift  register  D.  Register  B  is  a  combination  parallel 
adder  and  shift  register.  The  contests  of  the  A  register  arc  added  to  the 
contents  of  the  B  register  under  control  of  D  bit.  After  each  addition  the 
partial  produce  sum  in  B  and  the  contents  of  D  are  shifted  ©ns  position  to 
the  right.  This  action  repeats  until  the  eE«plate  product  is  forsssd  in 
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registers  3  and  D.  The  compLement  of  7  bits  of  the  product  is  transferred 
in  parallel  to  binary  counter  C.  Counter  C  then  accepts  pulses  at  a  3©0-kc 
rate,  as  do  the  two  BCD  counters,  until  the  count  in  C  reaches  zero.  At 
this  time  the  product,  in  natural  binary  fora,  will  have  been  converted  to 
the  BCD  code  required  for  display. 

The  multiplication  is  aecaaplished  in  a  asylum  time  of  ICO  sicro- 
seconds.  The  OPERATION  COMPLETE  line  is  energized  to  signify  that  the  prod¬ 
uct  has  been  fowead  and  is  ready  to  be  transferred  to  the  display  maaory. 

The  operation  concludes  with  a  multiply  RESET  pulse  generated  in  1 the 
dimension  code  receiver  unit  which  stops  the  clock.  Altiscm^i  not  shown  in 
Fig.  20,  when  the  clock  stops,  the  11  zero"  output  of  the  clock' s  flip-flop 
goes  "false”  and  triggers  a  delay  flip-flop.  This  delay  flip-flop  generates 
a  puls®  that  resets  the  adder,  the  az  tenth  register,  the  range  register,  the 
end  of  flip-flop,  and  the  75-kc  dl, rider. 

Display 

The  display  device  (Fig.  21)  is  a  1C- inch-disaster  direct- view  storage 
tube  (Hughes  Aircraft  Company  Tonotron  Type  H-1069AP20),  with  character  dis¬ 
play  forced  by  an  RHJ  Associates  character  generator.  The  basic  foaoat  is 
a  32  (X)  by  31  (x)  Matrix. 

When  operating  in  the  PPI  mode,  the  comers  of  the  display  matrix  are 
not  used,  thus  decreeusing  the  mxinaifii  number  of  characters  that  can  be  dis¬ 
played.  In  the  in  mods  of  operation,  the  display  elszasnt  size  in  silos  is 
as  follows: 

(a)  Twenty-five  Miles,  1.6  miles  on  a  side 

(b)  Seventy-five  Miles,  4.8  adieu  on  a  side 

(c)  Two  hundred  miles,  12.8  sdlea  on  a  side 

(d)  Four  hundred  and  fifty  miles,  28.8  miles  on  a  side 

In  the  expanded  mode  of  operation  (a)  is  expanded  2:1;  (b)  3:1;  (c)  4:1;  and 
(d)  6:1.  In  the  expanded  mode  of  operation,  then,  the  display  element  size 
for  (a)  is  0.8  ai  x  2.9*;  (b)  1.6  mi  x  1.6*;  (c)  3.2  e£  x  1.6*;  and  4.8  ai  x 
1.6*.  When  in  the  expended  mode  and  operating  on  short  pulse  (931  PPI), 

(a)  is  0.8  x  1.1%  and  (b)  is  1.6  x  O.58*. 

The  character  spacing  is  1/4  inch,  and  character  size  is  oa  the  order 
of  1/8  to  3/16  inch  in  both  PPI  and  expanded  mode  of  operation. 

Electrical  Test 

Electrical  tests  were  conducted  ea  the  ABE  to  fisrt&isal^E  its  g^ah&lity 
under  a  planned  set  of  test  conditions. 

A  special  test  jig  was  constructed  to  alsulaie  dess,  dSsassica  ©M 
intensity  (see  Fig.  22).  This  simulator  device  consisted  of  a 
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switching  davice,  HF  generator,  pulse  gansr&sor,  synchro  isutor  and  a  5~2apa 
synchronous  so  tor.  IMs  hardware  together  with  gears  asd  axles  w®s  raountod 
on  a  test  board,  and  the  elec  trical  output  cosseted  to  the  IF  input  of  tbs 
ABU  system.  Tbs  abaft  of  tbs  5-rpss  ssotor,  through  axles  and  gears, 
directly  drives  tbe  synchro  motor  and  a  four-inch  aiuaiinxa  disc.  Tbs  .latter 
Wij  constructed  so  that  it s  gap  could  be  adjusted  from  0  to  l6D  degrees.  (Tbe 
gap  opening  determines  tbe  length  of  tlas  the  ale  res  witch,  activated  by  tbs 
disc,  is  activated. )  Tbe  terminals  of  tbs  synchro  motor  wars  connected  in 
parallel  with  tbs  synchro  motor  in  tbe  ABU.  This  arrangement  permitted 
synchronism  between  tbe  drive  motor  of  the  sias&l&tor  and  tbe  ABU.  Tbe  out¬ 
put  of  tbe  pulse  generator  was  connected  to  the  pulse  input  of  tbe  30-me  HF 
generator  via  tbe  cam-operated  MICO  switch.  Finally,  tbe  output  cf  the  RF 
generator  was  connected  to  tbe  IF  input  of  tbe  ABU  system. 

The  above-described  setup  in  effect  simulated  various  types  of  weather 
cloud  of  limited  configuration.  In  general,  though,  this  configuration  is 
;  concentric  in  nature  and  can  be  varied  in  size  and  position  in  range  and 
azlmth.  With  the  aid  of  the  attenuator  pad  on  tbe  HF  generator,  tbe  ampli¬ 
tude  could  be  varied  so  >x&  to  simulate  tbe  dynamic  variations  of  echo 
intensities . 

\  This  test  procedure  presupposes  that  any  set  of  simulated  data  would 

!  result  in  Identical  intensity,  range,  and  azimuthal  values  displayed. 

j  Figure  23  is  a  photograph  of  a  simulated  cloud  image,  in  numerical  form, 

I  occurring  at  tbe  northeast  sector  of  tbe  display  storage  CRT.  For  this  pic- 
1  tore,  tbe  simulated  input  signal  was  distorted  in  a  meaner  m  to  vary  in 
j  sagnitude  in  range  extent  of  tbe  cloud.  The  sweep  range  was  2Q0  Mies. 

!  Occurring  on  the  outer  periphery  of  the  intensity  levels  are  the  range 
extent  measurements,  preceded  by  an  "R."  Tbe  azimuthal  extent,  not  shown 
here,  would  appear  at  the  lower  periphery  of  tbe  intensity  levels,  and  would 
be  preceded  by  an  “A." 

As  explained  in  the  "Intensity  Measurement”  paragraphs,  a  ton-level 
measurement  of  tbe  incoming  signal  is  performed.  These  measurements  are  made 
by  limiting  amplifier  circuits  which  produce  an  output  whenever  a  preset 
threshold  is  exceeded.  The  outputs  are  held  in  bistotw*,  Hglt&l  circuits 
and  decoded  to  obtain  a  binary  coded  decimal  output.  Thi*  output  is  aver&gsd 
with  additional  intensity  measurements  over  a  number  of  soecesslve  sweeps 
prior  to  being  displayed. 

For  this  test  the  video  gain  was  adjusted  so  that  a  10- volt  output  sig¬ 
nal  corresponded  to  near  saturation  of  the  IF  strap  (approximately  50  milli¬ 
volts  at  the  IF  input  terminal).  Since  a  jjD-level  measurement  can  be  per¬ 
formed,  each  level  of  the  10-volt  signal  corresponds  to  7  db/^olts.  HOTS; 

The  IF  amplifier  is  logarithmic;  therefore,  equal  output  voltage  corresponds 
to  equal  decibel  increments  of  the  input  signal. 

la  actual  practice,  a  7-db  spread  for  each  energy  level  may  be  undmisv 
able;  however,  for  these  experimental  tests,  this  a?s«Qjp&ea&  vw  considered 
suitable. 
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Tas  AMI  system  was  then  tested  to  da t® rains  its  capability  ia 
occuratsly  and  consistently  printing  the  correct  rsusgrical  values  with  a 
calibrated  input  signal. 

Tfes  four -inch  alamsus  disc  was  adjusted  for  rsiaisssi  gap  opening.  This 
is  effect  activates  the  adLeroswitch  for  360  degrees  rotation.  The  pulse 
generator  was  adjusted  for  aaiai  pulse  width,  with  zero  delay  of  the  lead¬ 
ing  e%s,  Tss  W  generator,  which  is  pulsed  by  the  pulse  generator,  was 
increased  to  a  IsvsX  which  was  on  a  fringe  of  saturation  of  the  IF  amplifier 
(approximately  50  millivolts). 


The  APMI,  with  the  setting  as  stated  above,  displayed  "10' s"  over  the 
usable  area  of  th&  CBS?  tuba.  The  HP  generator  was  then  attenuated  in  steps 
of  7  dfe  a sd  i&e  output  smstrical  values  were  viewed  on  tbs  AB&  storage 
tube.  For  each  test  esse,  the  indicator  display©!  correct  sassricaX 
v®l*£3. 


Th©  above-deseribed  test  setup  was  also  used  for  checking  tho  range  end 
azimuthal  asaasureiaent.  However,  for  the  range  s&asure^nzts,  the  lead  <sd^ 
of  the  signal  frsa  the  pulse  generator  was  delayed  by  a  assire&  amount,  aM 
its  pulse  width  was  ad*  •  sted  to  represent  steps  of  02s  ails  extent  (apprexi- 
mteiy  5»©7  microseconds  par  mile).  Care  was  taken  to  insure  that  the 
range  extent  did  not  exceed  59  miles,  for  this  is  tha  mMmm  computing 
capability  of  tbs  system.  Althou^i  not  ccsrplstcly  necessary  for  smg&  extent 
mmwsmmbs,  the  cam  was  adjusted  so  as  to  derive  asi®ithsX  dissnsicas. 

This  test  was  performed  to  cheek  for  repeatability  of  rsngpa  seaeureseat 
values  with  various  esissithal  extent  setting.  la  each  test  ease,  the  rsngs- 
■axissfe  jgg^griSiil  values  displayed  agreed  wit®  the  eaisbratiea  isget  signal#. 
IMs  -gsa  slss  tsss  wigs  -fes  eifpiX  level  was  just  s&s^s  ^  usis®  Igval  <§t 
ths  IF 


It  is  difficult  to  perform  a  good  qualitative  test  ef  tA=  functioning 
of  tbs  azimuthal  extent.  The  reason  is  primarily  because  of  tbs  laborious 
job  in  accurately  calibrating  the  gap  setting  of  the  aluminum  disc  S8&  tbs 
delay  caused  by  the  OH-OFF  reaction  of  tbs  mieroswitch.  Because  of  this 
adjustment  problem,  it  was  anticipates  that  a  slight  discrepancy  would  exist 
between  the  calibrated  fp,p  setting  m&  tsa  azimuthal  extent  v&jUias  displayed. 


Tha 


displayed  extant  seasureisisi  should  equal  a  value  scouted  by  tbs 

A  »  —  x  2  tt  B, 
e 

A  »  ssimth  extent  in  miles, 
t  »  sen©  volts  porcicB  of  square  wav®  in  &mmm? 

3  »  time  of  om  a^fcenea  rotation  is  seconds, 

B  e*  delay  setting  of  sis&Xat-sd  target,  is  silss. 


The  calibration  of  the  test  .jig  for  sLml&tion  of  azlsuthal  extant  sig¬ 
nals  was  anticipated  test  for  this  aaoda  of  operation;  however,  the  azi¬ 
muthal  ismsnsxmmA  circuits  were  inoperative  when  the  ©quipsasnt  arrived  at 
t S®se  Labomtor&ss,  probably  due  to  demga  of  an  electronic  part  during 
transportation.  Tfearefer®  the  system  was  not  tested  in  this  mode  of 


All  of  the  above-described  tests  wsra  conducted  without  range  aormli- 
zst-ioa  functica  allied  to  the  sensitivity  tim  control  of  te®  IF  amplifier. 
If  this  function  mm  applied,  tbs  intensity  values  displayed  would  have 


varied  in  range  in  accordance  with  the 


1 
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Consideration  is  being  given  to  the  use  ©f  this  equipissnt  as  a  radar 
3f£.ia  gpugja  suitable  for  precipitation  quantity  measurement.  la  order  to 
serrulate  rainfall  rate  with  echo  power,  tbs  radar  trans^.t+ev  and  receiver 
mat  be  sxte^isly  stable  so  teat  tea  received,  echo  sisals  fro®  rain  can  b® 
aaeasnssssd  accurately.  However,  tease  ©eh©  signals  are  tejgbly  statistical  in 
nature  and  tesivefors  require  boss  form  of  t-iee  and  space  averaging  of  tee 
intensity  isaasm'essimts  to  assure  a  good  estimate  of  amplitude,  In  essence, 
tee  present  system,  by  virtu®  of  swoap-te-sweep  awersgisg,  satisfies  tee 
area  iategruxion  requirement,  but  does  sot  account  for  integration  in  tira®. 

It  is  felt  that  til Be  integration  is  required  because  of  signal  fluctuation. 
This  signal  fluctuation  say  be  attributed  to  the  fact  teat  raindrops  are 
randomly  distributed  in  phase,  and  these  raindrops  behave  in  an  unpredictable 
nsnssr  throughout  te©  illmlaated  volume.  The  varying  spacing  between  drop¬ 
lets  results  in  a  deeorral&tiQn  of  signal  with  tits. 


SSte&ftgg  ass®  pesssssfcly  Being  ooudastsd  and  iEstrus^nts  Sag?©  h@en  e<2n~ 
s ■tessted  Ss  ®f&sst  to  £©lv®  tes  sbevs-statad  pxobl$%  but  f©r  tee  msznt 

teg  solatia  bss  b«sn  directed  toward  a  single  illtssis^ted  voluss  of 
te®  elsu.dc  If  tea  equipment  is  to  bsve  operational  flexibility,  it  should 
ha v©  a  antenna  rotation  tira®- integration  capability.  It  is 

towards  this  end  teat  these  Laboratories  are  placing  their  effort. 

It  is  recoj^ssaded  teat  space  integration  be  performed  over  s  complete 
square  rather  than  teat  of  the  ^edge-shaped  area  presently  employed.  This, 
in  effect,  will  provide  &  uniform  area  display  over  the  entire  CKT. 

Since  it  has  been  found  through  operating  experience  teat  the  combina¬ 
tion  of  intensity  and  dimension  values  tends  to  clutter  and  confuse  the 
operator,  it  is  necasgjsaded  teat  thie  soda  of  operation  be  eliminated  fro® 
future  proeurea^ats.  Surely,  by  tee  use  of  tea  radar  r&sga  sar&ar  one  can 
readily  detesslse  tea  radial  dimension  of  a  cloude  And  similarly,  hawing 
the  raage  to  tee  cloud,  and  with  tea  aid  of  &  simple  hand  calculator  or 
conversion  table,  css  esh  calculate  tea  azisuthsl  dimension  to  tee  accuracy 
required. 
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CONCLUSIONS 


Pulse-to-pulse  averaging  ia  the  PH  ssode  is  acccsplisfcsd  by  adding  data 
freon  et$st  consecutive  gweepa  wSisa  using  the  lew  ERF  (1 86  FPS),  and  16  con¬ 
secutive  sweeps  when  using  the  high  IBP  (931  PF8).  El^tt  sweeps  are  equiva¬ 
lent  to  1.29  degases  of  antenna,  rotation.,  and  16  are  equivalent  to  0»515 
deg see.  The  display  elesssat  size  in  ratios  is.  1,6,  4.8,  12.8,  and  2 8.8, 
depending  on  the  expansion  ratio  of  tka  display  (25,  75,  200,  and  450  Biles)  • 

Since  the  display  eleasnts  appear  to  he  rsetangalax,  one  vill  assuage, 
without  referring  to  the  design  criteria,  that  the  samfear  displayed  is  an 
average  over  a  eoasplet©  square.  This,  of  coarse,  is  cot  true  because  the 

regardless  of  the  range  to  the 
target.  Therefore,  the  numerical  value  displayed  represents  a  wedge-shaped 
area  -whose  azisaithal  diaansion  varies  in  direct  proportion  to  the  range. 

This,  in  effect,  iporss  a  vast  aslant  of  radar  data  frea  targets  at  close- 
in  ranges  end  inherently,  bccss&s  of  t ha  nature  of  tfeita  tgpps  of  ewusp,  will 
rstara  less  data  froaa  distant  tarots.  Obviously,  t&a  equip^^t  d®es  not 
compensate  for  this  deficiency;  therefore  the  operator  aast  hsar  in  siad 
that  the  integrated  area  sis©  does  vary  with,  the  radar  ranga. 


As  stated  in  the  "Electrical  Tost"  paragraphs  of  this  rarpsrt,  t&s  ©si- 
sathel  diBssasioa  mode  of  the  systsn  mas  inoperative,  hut  staking  it  ©gsr&tivs 
is  just  a  Batter  of  locating  and  replacing  the  defective  eloctreaie  |®rb® 

This  will  he  accomplished  after  the  publishing  of  this  report. 

Mounted  on  the  front  psasl  of  ths  display  ccssol®  is  a  r<«sr-pcs it  ion 
switch  wJiich  permits  the  operator  to  selset  the  grint-out  of  eifcfcsr  th»  sig¬ 
nal  intensity,  range  E-sasuresssat,  aalEnthal  ssasurssczit,  or  sH  thr»».  H*a«a. 
ia  the  ALL  position,  the  GET  toads  to  bsesss  clattered  ga&  eossfesisg  ©van 
though  each  extent  valas  is  preceded  by  as  idssrfcifyisg  symbol.  Aina,  ^haa 

§  of  tfe©  isfessslty  vaS^ss  e^s  dis- 
pr&erity  sr=ssr  is&G® 

Sl«se  the  principal  interest  is  ia  intensity  data,  tfea  fssst&es  Iss  b^ssa  ts 
operate  in  tdfes  iate^ity  isds  es*d  switch  ta  sm  13&  nsst 

antenna  rotation  or  whenever  tbs  dteensisa  of  a  dead  is  @f  interest. 

The  Area  Pr@cipita.tioa  Cloud  Sfesssrsnssat  Indicate?,  dssiipsd  m&  e®a=» 
structed  by  Motorola,  las.,  sects  ®H  %f,  ths  rsquiresKats  of  tbs  s-gsciflec.^ 
tloa  sad  has  jsrsvsd  to  be  a  reliable  sad  easily  adjustable  instrs^site  T&a 
equipment  was  operated  in  the  csvirci^sat  i&  which  it  was  istcgdsd  (dynamic); 
however,  this  operation  was  vithsat  hssswledgs  of  the  outset  pgssr  of  t&$ 
radar  set.  This  poasr  output  calibration  is  accessary  in  t®  ®£@usst»ly 

deteraina  the  sc&s  power. 


C  3;  14,  18,  19, 
Proposal  for  tha 


and  W  tagr©  entrusted  fs^t  Es^es&al 


Figures  2,  kt  5,  6,  10,  12,  13,  and  21  were  extracted  fro®  Report  Ho. 
HLS-3®75-l#  "Design  Flan  for  an  Automatic  Clou&*Msasurlng  Indicator," 
itotoroia,  Inc.,  September  1962. 

Figures  7,  8,  9/  15#  and  16  were  extracted  from  Final  Report  No.  12, 
"Automatic  Cloud^Measuring  Indicator,"  Motorola,  Inc.,  July  1963. 
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